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(54) Apparatus and method for engine exhaust purification 



(57) An oxygen storage amount of a catalyst (3) is 
estimated by a controller (6) in accordance with a 
sensed air-fuel ratio of an inflowing exhaust gas mixture 
flowing into the catalyst (3), and a sensed intake air 
amount of the engine (1), to control the air-fuel ratio of 
the engine. The estimated oxygen storage amount is 



corrected to reduce an error in computing the estimated 
oxygen storage amount when a downstream exhaust 
condition sensed by an exhaust sensor (5) disposed on 
the downstream of the catalyst (3) becomes equal to a 
predetermined threshold, which is modified in accord- 
ance with the intake air amount for better emission con- 
trol performance. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to technique of 
purifying exhaust gases of engine, and more specifically 
to apparatus and method of exhaust emission control 
for an engine equipped with a catalyst. 
[0002] For maximizing the conversion efficiency of 
NOx CO, and HC in three-way catalyst, the control of 
oxygen storage amount in the catalyst is effective In this 

case, a catalyst system can control the atmosphere of 
the catalyst around stoichiometry to maximize the con- 
version efficiency, by controlling the oxygen storage 
amount at a constant level so that oxygen in exhaust 
oases is stored in the catalyst in the case of deviation 
of the exhaust gases flowing into the catalyst to the lean 
side, andthat oxygen is released from the catalyst in the 
case of deviation to the rich side. 



SUMMARY OF THE INVENTION 

ro0O3] An object of the present invention is to further 
reduce exhaust emissions in technique of computing an 
oxygen storage amount in a catalyst. 
[0004] According to one aspect of the present inven- 
tion, an engine exhaust purifying apparatus comprises: 
an air flow sensor, a catalyst, an upstream exhaust sen- 
sor a downstream exhaust sensor and a controller. The 
air flow sensor is arranged to sense an engine intake air 
amount. The catalyst is disposed in an engine exhaust 
passage. The upstream exhaust sensor is disposed in 
the engine exhaust passage on an upstream side of the 
catalyst, and arranged to sense an upstream exhaust 
condition representing an air-fuel ratio of an inflowing 
exhaust gas mixture flowing into the catalyst. The down- 
stream exhaust sensor is disposed on a downstream 
side of the catalyst and arranged to sense a downstream 
exhaust condition representing an air-fuel ratio of an 
outflowing exhaust gas mixture flowing out of the cata- 
lyst The controller is configured; to compute an estimat- 
ed oxygen storage amount of the catalyst in accordance 
with the air-fuel ratio of the inflowing exhaust gas mix- 
ture and the engine intake air amount; to control an air- 
fuel ratio of the engine in accordance with the estimated 
oxygen storage amount so as to bring an actual oxygen 
storage amount of the catalyst to a desired value; to cor- 
rect the estimated oxygen storage amountto reduce an 
error in computing the estimated oxygen storage 
amount when the downstream exhaust condition 
sensed by the downstream exhaust sensor becomes 
equal to a predetermined threshold; and to modify the 
threshold in accordance with the intake air amount. 
[0005] According to another aspect of the present in- 
vention , an engine exhaust purifying process for an en- 
gine equipped with a catalyst disposed in an engine ex- 
haust passage, comprises: computing an estimated ox- 
■ ygen storage amount of the catalyst in accordance with 



a sensed upstream exhaust condition representing an 
air-fuel ratio of an inflowing exhaust gas mixture flowing 
into the catalyst and a sensed engine intake air amount; 
controlling an air-fuel ratio of the engine in accordance 
5 with the estimated oxygen storage amount; coirect.ng 
the estimatedoxygen storage amount to reduce an error 
in computing the estimated oxygen storage amount 
when a downstream exhaust condition representing an • 
air-fuel ratio of an outflowing exhaust gas mixture .How- 
to ing out of the catalyst becomes equal to a predeter- 
mined threshold; and modifying the threshold in accord- 
ance with the sensed engine intake air amount. 
r0006] According to still another aspect of the present 
invention, an engine exhaust purifying apparatus for an 
13 engine equipped with a catalyst, comprises: means for 
sensing an engine intake air amount; means for sensing 
an upstream exhaust condition representing an air-fuel 
ratio of an inflowing exhaust gas mixture flowing into the 
catalyst; means for sensing an downstream exhaust 
20 condition representing an air-fuel ratio of an outflowing 
exhaust gas mixture flowing out of the catalyst; and 
means for computing an estimated oxygen storage 
amount of the catalyst in accordance with the upstream 
exhaust condition of the inflowing exhaust gas mixture 
25 and the engine intake air amount; means for controlling 
an air fuel ratio of the engine in accordance with the ox- 
ygen storage amount; means for correcting the estimat- 
ed oxygen storage amount to reduce an error in com- 
puting the estimated oxygen storage amount when the 
30 downstream exhaust condition sensed by said means 
forsensingthe downstream exhaust condition becomes 
equal a predetermined threshold; and means for modi- 
' tying the threshold in accordance with the intake air 

35 TOOO? The otherobjectsandfeatures of this invention 
. will become understood from the following descnption 
with reference to the accompanying drawings. 



40 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] FIG 1 is a schematic view showing an exhaust 
purifying apparatus according to one embodiment of the 
present invention. 

[00091 FIG. 2 is a flowchart showing a routine per- 
45 formed by the exhaust purifying apparatus of FIG. 1 , for 
computing an estimated oxygen storage amount repre- 
senting an amount of oxygen stored in a catalyst. 
[0010] FIG. 3 is a flowchart showing a subroutine, per- 
formed by the exhaust purifying apparatus of FIG. 1 . tor 
so computing an excess/deficiency oxygen amount o an 
inflowing exhaust gas mixture flowing into the catalyst. 
[0011] FIG. 4 is a flowchart showing a subroutine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
computing an oxygen release rate of high speed com- 

55 ponent. . „ 

[0012] FIG. 5 Is a flowchart showing a subroutine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
computing a high speed component (H02) of the oxy- 
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gen storage amount. 

[0013] FIG. 6 is a flowchart showing a subroutine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
computing a low speed component (L02) of the oxygen 
storage amount. 

[0014] FIG. 7 is a flowchart showing a routine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
discriminating a reset condition. 
[0015] FIG. 8 is a graph showing a relationship be- 
tween a rich side threshold used in the routine of FIG. 
7, and an NOx outflow rate. 

[0016] FIG. 9 is a flowchart showing a routine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
setting the rich side threshold. 
[0017] FIG. 10 is a graph showing a table used to de- 
termine the rich side threshold in accordance with an 
engine intake air amount. 

[0018] FIG, 11 is a flowchart showing a routine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
resetting the estimated oxygen storage amount. 
[0019] FIG. 12 is a flowchart showing a routine per- 
formed by the exhaust purifying apparatus of FIG. 1 , for 
computing a target air-fuel ratio in accordance with the 
estimated oxygen storage amount. 
[0020] FIG. 13 is a time chart showing effects of the 
control for controlling the oxygen storage amount con- 
stant. 

[0021] FIG. 14 is a graph showing an oxygen storage/ 
release characteristic of the catalyst used in this embod- 
iment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] FIG. 1 shows an exhaust gas purifying appa- 
ratus (or exhaust purification arrangement) according to 
one embodiment of the present Invention. An engine 1 
of this example is a spark ignition engine. The exhaust 
gas purifying apparatus includes a catalyst (or catalytic 
converter) 3 disposed in an exhaust passage 2 for en- 
gine 1, an upstream exhaust sensor (front A/F sensor) 
4 for sensing an exhaust condition on the upstream side 
of catalyst 3, a downstream exhaust sensor (rear 0 2 
sensor) 5 forsensing an exhaust condition on the down- 
stream side of catalyst 3, and a controller 6. 
[0023] In an intake passage 7 for engine 1 , there are 
provided a throttle valve 8 and an air flowmeter (or air 
flow sensor) 9 forsensing an intake air quantity Qa reg- 
ulated by throttle valve 8. Throttle valve 8 of this example 
is an electronically controlled throttle valve which can 
be controlled independently of driver's accelerator pedal 
operation. Engine 1 is provided with an engine coolant 
temperature sensor 1 0 and a crank angle sensor 1 2 for 
sensing an engine speed. 

[0024] Catalyst 3 of this example is a three-way cat- 
alyst capable of purifying NOx, HC and CO at a maxi- . 
mum efficiency when the catalyst atmosphere is in a 
condition of the stoichiometric air/fuel ratio. In catalyst 
3, catalyst carrier is coated with an oxygen storage ma- 



terial such as ceria (cerium oxide), and catalyst 3 can 
perform an oxygen storage function of storing (or ab- 
sorbing) and releasing oxygen in accordance with the 
air-fuel ratio of inflowing exhaust gas mixture. 

5 [0025] An oxygen storage amount in catalyst 3 is com- 
posed of a high speed component H02 determined by 
the storage and release in noble metal (such as Pt, Rh, 
Pd) in catalyst 3, and a low speed component L02 de- 
termined by the storage and release in the oxygen stor- 

10 age material of catalyst 3. Low speed component L02 
is characterized by a larger capacity of storing and re- 
leasing a larger amount of oxygen than the capacity of 
the high speed component. However, the storage/re- 
lease rate or speed is slower in the case of low speed 

is component L02 than in the high speed component 
H02. 

[0026] Moreover, the high speed component H02 and 
low speed component L02 have the following charac- 
teristics. 

20 [0027] As to oxygen storage operation, oxygen is 
stored preferentially in the high speed component H02 
until a maximum capacity H02MAX of high speed com- 
ponent H02 is reached. Thereafter, when the high 
speed component H02 becomes unable to store more, 

25 the low speed component L02 starts to store oxygen. 
[0028] As to oxygen release operation, oxygen is re- 
leased preferentially from high speed component H02 
when the ratio (L02/H02) of the low speed component 
L02 to the high speed component H02 is smaller than 

30 a predetermined value, i.e., when the high speed com- 
ponent H02 is relatively large. When the ratio 
(L02/H02) of the low speed component L02 to the high 
speed component H02 is greater than or equal to the 
predetermined value, oxygen is released from both of 

35 the high speed component H02 and low speed compo- 
nent L02 so that the ratio (L02/H02) of the low speed 
component L02 to the high speed component H02 is 
held unchanged. 

[0029] Upstream exhaust sensor of this example is a 

40 front A/F sensor 4 disposed on the upstream side of cat- 
alyst 3, and arranged to sense the air/fuel ratio of the 
exhaust gas mixture flowing into catalyst 3. Downstream 
exhaust sensor of this example is a rear 0 2 sensor 5 
disposed on the downstream side of catalyst 3, and ar- 

45 ranged to sense an oxygen concentration on the down- 
stream side of catalyst 3 with reference to the stoichio- 
metric air/fuel ratio in a manner of sensing inversion. 
Though the oxygen sensor is advantageous in cost, it is 
optional to employ, as rear exhaust sensor, a rear A/F 

50 sensor capable of linearly sensing the air/fuel ratio on 
the downstream side of catalyst 3. 
[0030] Coolant temperature sensor 1 0 is arranged to 
sensor the temperature of a cooling water for engine 1 . 
The temperature sensed by coolant temperature sensor 

55 10 is used for determining an operating condition of en- 
gine 1 , and for estimating the temperature of catalyst 3. 
[0031 ] Controller 6 of this example is a computer unit 
including at least a microprocessor, RAM, ROM and I/ 
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O interface. Controller 6 determines an estimated oxy- 
gen storage amount (high speed component H02 and 
low speed component L02) of catalyst 3 by computation 
in accordance with sensor signals from air flowmeter 9, 
front A/F sensor 4 and temperature sensor 1 0. 
[0032] When high speed component H02 of the com- 
puted oxygen storage quantity is greater than a prede- 
termined value (which, in this example, is set equal to a 
half of the maximum capacity H02MAX of the high 
speed component H02), controller 6 shifts the air-fuel 
ratio of engine 1 to the rich side, and thereby decreases 
high speed component H02. When, on the other hand, 
the high speed component H02 is smaller than the pre- 
determined value, then controller 6 shifts the air-fuel ra- 
tio of engine 1 to the lean side, and thereby increases 
the high speed component H02.Thus, controller 6 func- 
tions to hold the high speed component H02 of the ox- 
ygen storage quantity constant. 
[0033] Moreover, controller 6 corrects a deviation, 
caused by computation errors, between the computed 
(or estimated) oxygen storage quantity and the actual 
oxygen storage quantity, by resetting the oxygen stor- 
age quantity, at a predetermined timing, in accordance 
with the downstream exhaust condition on the down- 
stream side of catalyst 3. In this example, the down- 
stream exhaust condition is the oxygen concentration 
oh the downstream side of catalyst 3. 
[0034] When rear0 2 sensor5 signals alean condition 
for a lean side judgment, controller 6 assumes that the 
high speed component H02 at least is increased to its 
maximum, and resets the high speed component H02 
to the maximum capacity. When rear 0 2 sensor 5 sig- 
nals a rich condition for a rich side judgment, controller 
. 6 resets each of the low speed component L02 and high 
speed component H02 to a minimum capacity since ox- 
ygen is no longer released from high speed component 
H02 and even from low speed component L02. 
[0035] The system of this example varies slice levels 
(rich side threshold RDT and lean side threshold LDT) 
for rich judgment and lean judgment of rear 0 2 sensor 
5 in accordance with an engine operating condition of 
engine 1 . In this example, the slice levels are shifted to 
the lean side as the intake air quantity Qa for engine 1 
increases. The amount of exhaust emission passing 
through catalyst 3 without being purified, and hence the 
efficiency of purifying the exhaust emission are influ- 
enced by setting of the slice levels. Therefore, this sys- 
tem is configured to shift the slice levels to the lean side 
in accordance with the intake air quantity Qa so as to 
optimize the exhaust emission purifying efficiency. 
[0036] Controller 6 serves as a central unit of a control 
system by performing various control operations. The 
following description is directed to computation of the 
oxygenstorage amount, resetting of the oxygen storage 
amount and air/fuel ratio control based on the oxygen 
storage amount. 

[0037] FIG. 2 shows a routine for computing or esti- 
mating the oxygen storage amount of catalyst 3. The 



routine is performed at regular intervals of a predeter- 
mined time length by controller 6. 
[0038] Step S1 is a step for reading various engine 
operating parameters of engine 1 . In this example, con- 
5 trailer 6 reads sensor signals of coolant temperature 
sensor 10, crank angle sensor 12 and air flowmeter 9. 
In accordance with information obtained at step S1 , con- 
troller 6 estimates the temperature TCAT of catalyst 3 
at step S2. Step S3 determines whether catalyst 3 is 
10 activated or not, by comparing the estimated catalyst 
temperature TCAT with a catalyst activation tempera- 
ture TACTo. 

[0039] When estimated catalyst temperature TCAT is 
higher than activation temperature TCATo, then control- 
15 ler 6 proceeds from step S3 to step S4 to compute the 
oxygen storage quantity. When the catalyst temperature 
is still lowerthan orequalto activation temperature TCA- 
To, then controller 6 terminates the routine, assuming 
that catalyst 3 is in the state performing no oxygen stor- 
20 age/release operation. 

[0040] At step S4, controller 6 computes an oxygen 
excess/deficiency amount 02IN in an inflowing exhaust 
gas mixture flowing into catalyst 3, by a subroutine 
shown in FIG. 3. At next step S5, controller 6 computes 
25 an oxygen release rate A of the high speed component 
of the oxygen storage amount, by performing a subrou- 
tine shown in FIG. 4. 

[0041 ] At step S6, controller 6 computes an overflow 
amount OVERFLOW representing a quantity of oxygen 
30 overflowing into the low speed component L02 without 
being stored in the high speed component H02, by per- 
forming a subroutine of FIG. 5, for computing the high 
speed component H02 of the oxygen storage amount. 
Overflow amount OVERFLOW is determined in accord - 
35 ance with oxygen excess/deficiency amount 02IN and 
oxygen release rate A of high speed component H02. 
[0042] At step S7, controller 6 determines whether all 
the oxygen excess/release amount 02IN of the inflow- 
ing exhaust gas mixture flowing into catalyst 3 is stored 
40 as high speed component H02, or not, by checking the 
overflow amount OVERFLOW. When oxygen excess/ 
deficiency amount 02IN is stored entirely in the high 
speed component, and hence overflow amount is equal 
to zero (OVERFLOWS), then controller 6 terminates 
45 the routine of FIG. 2. When overflow amount OVER- 
FLOW is not equal to zero, controller 6 proceeds from 
step S7 to step SB, and computes the low speed com- 
ponent L02 in accordance with overflow amount OVER- 
FLOW representing the quantity of overflow from high 
so speed component H02, by a routine shown in FIG. 6. 
[0043] In the above-mentioned example, the catalyst 
temperature TCAT is estimated from the engine coolant 
temperature, engine load and engine speed/However, 
it is optional to employ a temperature sensor 11, dis- 
ss posed in catalyst 3 as shown in FIG. 1 , for directly sens- 
ing the temperature of catalyst 3. 
[0044] In the example shown in FIG. 2, step S3 is in- 
terposed to omit the computation of oxygen storage 
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quantity when catalyst temperature TCAT is lower than 
activation temperature TCATo. It is, however, optional 
to eliminate step S3, and to design the routine so as to 
reflectthe influence from catalyst temperature, in the ox- 
ygen release rate A of high speed component H02 and 
oxygen storage/release rate B of low speed component 
L02. 

[0045] FIG. 3 shows the subroutine (of step S4) for 
computing the oxygen excess/deficiency amount 02IN 
of the inflowing exhaust gas mixtu re flowing into catalyst 
3. This subroutine is designed to compute the oxygen 
excess/deficiency amount in accordance with the air-fu- 
el ratio on the upstream side of catalyst 3, and the intake 
air amount of engine 1 . 

[0046] Step S11 of FIG. 3 obtains input information by 
reading signals from front A/F sensor 4 and air flowme- 
ter 9. 

[0047] Step S12 computes an excess/deficiency ox- 
ygen concentration of the inflowing exhaust gas mixture 
flowing into catalyst 3, by conversion from the signal of 
front A/F sensor 4 to the air/fuel ratio by using a prede- 
termined conversion table. The excess/deficiency oxy- 
gen concentration is a relative oxygen concentration 
with reference to the oxygen concentration at the stoi- 
chiometric air/fuel ratio. The excess/deficiency oxygen 
concentration is zero when the inflowing exhaust gas 
mixture is at the stoichiometric ratio, negative on the rich 
side, and positive on the lean side. 
[0048] Step S 1 3 converts the output of air flowmeter 
9 into intake air amount by using a predetermined con- 
version table. Step S1 4 computes excess/deficiency ox- 
ygen amount 02IN of the inflowing exhaust gas mixture 
flowing into catalyst 3, by multiplying the intake air 
amount determined by step S1 3, by the excess/deficien- 
cy oxygen concentration determined by step S1 2. Since 
the excess/deficiency oxygen concentration is zero, 
negative and positive in accordance with the air/fuel ra- 
tio, as mentioned before, the excess/deficiency oxygen 
amount 02IN is zero when the inflowing exhaust gas 
mixture is atthestoichiometry, negative when the inflow- 
ing exhaust gas mixture Is rich, and positive when the 
inflowing exhaust gas mixture is lean. 
[0049] FIG. 4 shows the subroutine (of step S5) for 
computing the oxygen release rate A of high speed com- 
ponent H02. The oxygen release rate of high speed 
component H02 receives influence from the low speed 
component L02. Therefore, this subroutine is arranged 
to compute the high speed oxygen release rate A in ac- ■ 
cordance with low speed component L02. 
[0050] First, step S21 determines whether a ratio 
L02/H02 of low speed component L02 to high speed 
component H02 is greater than or equal to a predeter- 
mined value AR. (In one example, AR is greater than 
one, and AR=1 0) When high speed component H02 is 
relatively great as compared to low speed component 
L02, and hence the ratio L02/H02 is smaller than AR, 
then controller 6 proceeds from step S21 to step S22, 
and sets the oxygen release, rate A of high speed com- 



ponent equal to 1 .0 (A=1 .0) on the assumption that ox- 
ygen is released first from high speed component H02. 
[0051] When ratio L02/H02 is greater than or equal 
to AR, oxygen is released from high speed component 

5 H02 and low speed component L02 so that , ratio 
L02/H02 remains unchanged. In this case, therefore, 
controller 6 proceeds from step S21 to step S23, and 
computes such a value of the oxygen release rate A of 
high speed component as to hold the ratio L02/H02 un- 

10 changed. 

[0052] FIG. 5 shows the subroutine (of step S6) for 
computing high speed component H02 of the oxygen 
storage amount. The subroutine of this example is ar- 
ranged to compute high speed component H02 in ac- 
15 cordance with oxygen excess/deficiency quantity 02IN 
of the inflowing exhaust gas mixture flowing into catalyst 
3, and oxygen release rate A of high speed component 
HQ2. 

[0053] Step S31 of FIG. 5 checks whether excess/de- 
20 ficiency oxygen amount 02IN is greater than zero, and 
thereby determines whether the high speed component 
H02 is in a state for storing oxygen or in a state for re- 
leasing oxygen. 

[0054] When the inflowing exhaust gas mixture flow- 
25 jng into catalyst 3 is lean, and hence excess/deficiency 
oxygen amount 02IN is greater than zero, then control- 
ler 6 proceeds to step S32 on the assumption that high 
speed component H02 is in the state for storing oxygen. 
At step S32, controller 6 computes high speed compo- 
se? nent H02 according to the following equation (1 ). 

H02 = H02Z + 02IN (1) 

35 H02z : a previous (most recent) value of high 

speed component H02 

[0055] When oxygen excess/deficiency amount 02IN 
is smaller than or equal to zero, and the high speed com- 
ponent is considered to be in the state for releasing ox- 
40 ygen, then controller 6 proceeds from step S31 to step 
S33, and computes high speed component H02 ac- 
cording to the following equation (2). 

45 H02 = H02z + 02IN X A (2) 

A : the oxygen releasing rate of high speed com- 
ponent H02 

[0056] Steps S34 and S35 are steps for examining 
so whether the thus-computed high speed component 
H02 determined at step S32 or S33 is greater than or 
equal to a maximum capacity H02MAX of high speed 
component, and whether the component H02 deter- 
mined at step S32 or S33 is smaller than or equal to a 
55 minimum capacity H02MIN (=0) of high speed compo- 
nent. 

[0057] When high speed component H02 is greater 
than or equal to maximum capacity H02MAX, controller 
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6 proceeds from S34 to S36, and computes overflow 
amount (excess amount) OVERFLOW representing an 
amount of oxygen flowing over without being stored in 
high speed component H02, according to the following 
equation (3). 



OVERFLOW = H02 - H02MAX 



(3) 



Moreover, high speed component H02 is limited to max- 
imum capacity H02MAX (H20 = H02MAX) at step S36. 
[0058] When high speed component H02 is smaller 
than or equal to minimum capacity H02MIN, controller 
6 proceeds from S35 to S37, and computes overflow 
amount (deficient amount) OVERFLOW representing 
the amount of oxygen flowing over without being stored 
in high speed component H02 according to the follow- 
ing equation (4). 



OVERFLOW = H02 - H02MIN 



(4) 



Moreover, highspeed component H02 is limited to min- 
imum capacity H02MIN (H20 = H02M1N) at step S37. 
In this example, minimum capacity H02MIN is set equal 
to zero. Therefore, the system computes, as a negative 
overflow amount, a deficient oxygen amount in the state 
in which high speed component H02 is released entire- 
ly. 

[0059] When high speed component H02 \s interme- 
diate between maximum and minimum capacities 
H02MAX and H02MIN, then controller 6 proceeds from 
step S35 to step S38, and sets overflow amount OVER- 
FLOW to zero since oxygen excess/deficiency amount 
of the inflowing exhaust gas mixture flowing into catalyst 
3 is all stored in high speed component H02. 
[0060] In the case of high speed component H02 be- 
ing equal to or greater than maximum capacity 
H02MAX, or equal to or smaller than minimum capacity 
H02MIN, overflow amount OVERFLOW flowing over 
from high speed component H02 is stored or released 
at low speed component L02. 
[0061 ] FIG. 6 shows a subroutine (of step S8) for com- 
puti ng low speed component L02. This subroutine is de- 
signed to compute low speed component L02 in accord- 
ance with overflow amount OVERFLOW overflowing 
high speed component H02. 
[0062] Step S41 computes low speed component 
L02 according to the following equation (5). 



component L02 is set to a positive value smaller than 
or equal to one. In reality, the characteristic of the rate 
differs between oxygen storage and oxygen release, 
and moreover, the real storage/release rate is affected 

5 by catalyst temperature TCAT, and low speed compo- 
nent L02. Accordingly, it is optional to set the storage 
rate and the release rate separately as a variable. In this 
case, oxygen is excessive when overflow amount 
OVERFLOW is positive, and the oxygen storage rate B 

10 ' in this case is increased as catalyst temperature TCAT 
increases, and increased as low speed component L02 
becomes smaller. When overflow amount OVERFLOW 
is negative, oxygen is deficient, and the oxygen release 
rate B in this case is increased as catalyst temperature 

15 TCAT increases and as low speed component L02 in- 
creases. 

[0064] Steps S42 and S43 check whether the thus- 
determined low speed component L02 is over a maxi- 
mum capacity L02MAX or under a minimum capacity 
20 L02MIN (=0) as in the computation of high speed com- 
ponent H02. 

[0065] When low speed component L02 is greater 
than or equal to maximum capacity L02MAX, controller 
6 proceeds from S42 to S44, and computes oxygen ex- 
25 cess/deficiency amount 020UT overflowing low speed 
component L02 according to the following equation (6). 



020UT = L02 - L02MAX 



(6) 



30 



L02 = L02Z + OVERFLOW X B 



(5) 



L02z : A previous (most recent) value of low 
speed component L02 

B : An oxygen storage/release rate of low speed 
component. 

[0063] Oxygen storage/release rate B of low speed 



Moreover, low speed component L02 is limited to max- 
imum capacity L02MAX (L20 = L02MAX) at step S44. 
Oxygen excess/deficiency amount 020UT flows out of 
catalyst 3 toward the downstream side. 
35 [0066] When low speed component L02 is smaller 
than or equal to minimum capacity L02MIN, controller 
6 proceeds from S43 to S45, and limits low speed com- 
ponent L02 to minimum capacity L02MIN (L02 = 
L02MIN). 

40 [0067] FIG. 7 shows a routine for discriminating a re- 
set condition to reset the oxygen storage amount. By 
resetting the oxygen storage amount, the system can 
cancel accumulated computation error, and thereby im- 
prove the accuracy in computation of the oxygen stor- 

45 age amount. 

[0068] The routine of FIG. 7 checks the oxygen con- 
centration on the downstream side of catalyst 3, deter- 
mines whether the reset condition is satisfied to reset 
the oxygen storage amount (high speed component 

so H02 and low speed component L02), and sets rich side 
flag Frich and a lean side flag Flean. 
[0069] At step S51 , controller 6 reads the output R02 
of rear 0 2 sensor 5 disposed on the downstream side 
of catalyst 3 to sense the oxygen concentration on the 

55 downstream side of catalyst 3. Then, controller 6 com- 
pares the rear 0 2 sensor output R02 with a lean side 
threshold LDT for lean side judgment and a rich side 
threshold RDT for rich side judgment, at steps S52 and 
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S53. 

[0070] When rear 0 2 sensor output R02 is lower than 
lean side threshold LDT, then controller 6 proceeds from 
step S52 to step S54, and sets the lean side flag Fiean 
to one to indicate the fulfillment of a lean reset condition 
to reset the oxygen storage amount. When rear 0 2 sen- 
sor output R02 is higher than rich side threshold RDT, 
then controller 6 proceeds from step S53 to step S55, 
and sets the rich side flag Frich to one to indicate the 
fulfillment of a rich reset condition to reset the oxygen 
storage amount. 

[0071] When rear 0 2 sensor output R02 is between 
lean side and rich side thresholds LDT and RDT, then 
controller 6 proceeds from step S53 to step S56, and 
resets the flags Flean and Frich to zero to indicate the 
unfulfillment of each of the lean reset condition and the 
rich reset condition. 

[0072] The optimum thresholds to reduce the exhaust 
emissions vary in dependence on intake air amount Qa 
of engine 1 . Therefore, each of the thresholds LDT and 
RDT is determined in accordance with the intake air 
amount Qa. 

[0073] FIG. 8 shows a relationship, obtained experi- 
mentally, between the rich side threshold RDT and an 
NOx outflow rate (=a ratio of an amount of NOx flowing 
out of catalyst, to an amount of NOx flowing Into cata- 
lyst). As shown in FIG. 8, a value of the rich side thresh- 
old RDT to achieve a target NOx outflow rate (3%, for 
example) is varied to the lean side as intake air amount 
Qa increases. 

[0074] Adjustment of rich side threshold RDT to the 
lean side increases the likelihood of the rich reset to re- 
set the computed oxygen storage amount to the mini- 
mum capacity*. After the rich reset, engine 1 is operated 
at relatively lean air-fuel ratios so as to increase the ox- 
ygen storage amount. 

[0075] It is possible to further decrease the NOx out- 
flow rate by shifting rich side judgment threshold RDT, 
to the rich side of the value to achieve the target NOx 
outflow rate (as seen in FIG. 8). In this case, however, 
the outflow rates of HC and CO increase, and the ex- 
haust emission tends to increase as a whole. 
[0076] A relationship between lean side threshold 
LDT and the NOx release rate has a characteristic ap- 
proximately identical to the characteristic shown in FIG. 
8. A value of lean side threshold LDT to achieve the tar- 
get NOx outflow rate is shifted to the lean side as intake 
air amount Qa increases. 

[0077] Adjustment of lean side judgment threshold 
LDT to the lean side decreases the likelihood of the lean 
reset to reset the computed oxygen storage amount to 
the maximum capacity. After the lean reset, engine 1 is 
operated at relatively rich air-fuel ratios so as to de- 
crease the oxygen storage amount. Thus, by decreas- 
ing the likelihood of the lean reset, the engine control 
system can indirectly increase the likelihood of the op- 
eration of engine in a relatively lean region. 
[0078] FIG. 9 shows a routine for setting rich side 



threshold RDT. 

[0079] At step S58, controller 6 reads intake air 
amount Qa of engine 1 . Then, at step S59, controller 6 
determines a value of rich side threshold RDT corre- 

5 sponding to the current value of intake air amount Qa 
by lookup from a table as shown in FIG. 10. Thus, rich 
side judgment threshold RDT is varied to the lean side 
as intake air amount Qa increases, and varied to the rich 
side as intake air amount Qa decreases. As shown in 

10 FIG. 10, the threshold decreases monotonically as Qa 
increases. In this example, the threshold decreases lin- 
early as Qa increases. 

[0080] A routine for setting lean side threshold LDT is 
similar to the routine of FIG. 9. Lean side threshold LDT 
15 is determined in dependence on intake air amount Qa 
by lookup from a table of a characteristic similar to the 
characteristic shown in FIG. 1 0. Thus, leans side thresh- 
old LDT is varied to the lean side as intake air amount 
Qa increases, and varied to the rich side as intake air 
amount Qa decreases. 

[0081] In this example, rich side threshold RDT and 
lean side threshold LDT are determined by the two dis- 
tinct routines. However, it is optional to first determine a 
center value between both thresholds, in accordance 
with intake air amount Qa by using a routine similar to 
the routine of FIG. 9, and then sets the rich side thresh- 
old RDT to a value resulting from addition of a predeter- 
mined fixed value d to the center value, and the lean 
side threshold value LDT to a value resulting from sub- 
traction of the predetermined fixed value d from the cent- 
er value. The relationship between the center value and 
intake air quantity Qa is similar to the characteristic 
shown in FIG. 1 0. The center value, and thresholds RDT 
and LDT are shifted to lean side as intake air quantity 
Qa increases. Because the predetermined value d is 
fixed, the interval between both thresholds RDT and 
LDT is always constant irrespective of variation in the 
center value. 

[0082] FIG. 1 1 shows a routine for resetting the com- 
puted, estimated oxygen storage amount. 
[0083] Steps S61 and S62 are steps for checking 
changes in lean side and rich side flags Flean and Frich, 
and determines whether the lean reset condition or rich 
reset condition is satisfied. 

[0084] When fulfillment of the lean reset condition is 
confirmed by a change of lean side flag Flean from 0 to 
1 , controller 6 proceeds from step S61 to step S63, and 
resets high speed component H02 of the oxygen stor- 
age amount to maximum capacity H02MAX. In this 
case, controller 6 does not perform a resetting operation 
for low speed component L02, and low speed compo- 
nent L02 remains unchanged without being reset. 
[0085] When fulfillment of the rich reset condition is 
confirmed by a change of rich side flag Frich from 0 to 
1 , controller 6 proceeds from step S62 to step S64, and 
resets high speed component H02 and low speed com- 
ponent L02 of the oxygen storage amount, respectively, 
to minimum capacities H02MIN and L02MIN. 
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[0086] These reset operations are based on the fol- 
lowing idea. The oxygen storage rate of low speed com- 
ponent L02 is slow. Therefore, after high speed compo- 
nent H02 has reached the maximum capacity, xygen 
overflows to the downward side of the catalyst even if 
maximum capacity is not reached yet by low speed com- 
ponent L02. Hence, it is possible to assume that at least 
the high speed component H02 has reached the max- 
imum capacity at the time point when the downstream 
side of the catalyst becomes lean. 
[0087] At the time when the downstream side of the 
catalyst is rich, it is assumed that oxygen is not released 
even from low speed component L02 releasing oxygen 
gradually. Each of high speed component H02 and low 
speed component L02 is considered to be in a state of 
minimum capacity, holding no or little oxygen. 
[0088] FIG. 12 shows a routine for computing a target 
air/fuel ratio from the oxygen storage amount. Controller 
6 of this example serves as a central unit of a control 
system performing an air/fuel ratio control (control to 
control the oxygen storage amount constant). 
[0089] Controller 6 first reads high speed component 
H02 of the current oxygen storage amount at step S71 , 
and computes a deviation DH02 of the current high 
speed component H02 from a target high speed com- 
ponent value TGH02 at step S72. (Deviation DH02 is 
equal to oxygen excess/deficiency amount needed by 
catalyst 3.) The target high speed component value 
TGH02 is set equal to a half of the maximum capacity 
H02MAX of high speed component, in this example. 
[0090] At step S73, controller 6 determines a target 
air-fuel ratio for engine 1 by converting the computed 
deviation DH02 to a corresponding value of the air/fuel 
Fatio. 

[0091] Therefore, this routine of FIG. 12 sets the tar- 
get air-fuel ratio to the lean side and functions to in- 
crease the oxygen storage amount (high speed compo- 
nent H02) when high speed component H02 of oxygen 
storage amount is smaller than the target value. When, 
on the other hand, the high speed component H02 is 
greater than the target value, then the target air-fuel ra- 
tio for engine 1 is set to the rich side, and the routine 
functions to decrease the oxygen storage amount (high 
speed component H02). 

[0092] The thus-constructed exhaust purifying cata- 
lyst apparatus or system of this example is operated as 
follows: 

[0093] When engine 1 is started, the exhaust purifying 
catalyst system starts the computation of oxygen stor- 
age amount of catalyst 3, and performs the air-fuel ratio 
control for engine 1 so as to hold the oxygen storage 
amount in catalyst 3 constant at a level to achieve a 
maximum conversion efficiency of catalyst 3. 
[0094] The computation to estimate the oxygen stor- 
age amount in catalyst 3 is based on the air-fuel ratio of 
inflowing exhaust gas mixture flowing into catalyst 3, 
and the intake air amount to engine 1 . In this example, 
the exhaust purifying catalyst system determines the ox- 



ygen storage amount by computing high speed compo- 
nent H02 and low speed component L02 separately in 
conformity with the real characteristic. 
[0095] In this example, the computation is based on 
5 the assumption that, at the time of oxygen storage, high 
speed component H02 stores oxygen first, and low 
speed component L02 start storage when high speed 
component becomes unable to store any more. At the 
time of oxygen release, the assumption is that oxygen 
10 js released first from high speed component H02 when 
the ratio (L021/H02) between low speed component 
L02 and high speed component H02 is smaller than or 
equal to the predetermined ratio AR, and oxygen is re- 
leased from both of low speed component L02 and high 
15 speed component H02 so as to maintain the ratio AR 
when ratio L02/H02 becomes equal to ratio AR. 
[0096] Then , the catalyst system controls the air-fuel 
ratio of engine 1 to the rich side and thereby decreases 
high speed component H02 when high speed compo- 
20 nent H02 is greater than the target value. When high 
speed component H02 is smaller than the target value, 
the air-fuel ratio is controlled to the lean side to increase 
high speed component H02. 

[0097] Consequently, the catalyst system can hold 
25 the high speed component H02 at the desired target 
value. Therefore, even if the air-fuel ratio of the inflowing 
exhaust gas mixture flowing into catalyst 3 deviates from 
the stoichiometry, the high speed component H02 su- 
perior in response speed store or release oxygen imme- 
30 diately, and correct the air-fuel ratio of the catalyst at- 
mosphere toward the stoichiometric ratio, so that the 
conversion efficiency of catalyst 3 is held at the maxi- 
mum level. 

[0098] Accumulation of errors during the computation 

35 increases the deviation between the estimated oxygen 
storage amount based on the computation and the ac- 
tual oxygen storage amount. However, this catalyst sys- 
tem performs the reset operation to reset the estimated 
oxygen storage amount (high speed component H02 

40 and low speed component L02) at the timing when the 
downstream side of catalyst 3 becomes rich or lean, and 
thereby corrects the deviation between the result of 
computation and the. actual oxygen storage amount. 
[0099] FIG. 13 shows variation of high speed compo- 

45 nent H02 when the oxygen storage amount is controlled 
constant. In this example, the rear 0 2 sensor output 
R02 becomes smaller than lean side judgment thresh- 
old LDT and the lean reset condition is met at instant t1 . 
Therefore, high speed component H02 is reset to max- 

■ 50 jmum capacity H02MAX. In this case, no resetting op- 
eration is performed to low speed component L02 since 
low speed component L02 is not necessarily at maxi- 
mum. 

[0100] At each of instant t2 and t3, rear 0 2 sensor out- 
55 put R02 becomes greater than rich side threshold RDT 
and the rich reset condition is met. Therefore, high 
speed component H02 is reset to minimum capacity 
H02MIN. Minimum capacity H02MIN is equal to zero 



8 



15 



EP 1 253 309 A1 



16 



in this example. In this case, low speed component L02 
too is reset to the minimum capacity. 
[0101] By resetting the oxygen storage amount at the 
timing when the exhaust gas mixture on the downstream 
side of catalyst 3 becomes rich or lean, the exhaust pu- 
rifying catalyst system according to this embodiment 
can correct the deviation between the result of the com- 
putation to estimate the oxygen storage amount and the 
actual oxygen storage amount, and further improve the 
accuracy of the estimation of oxygen storage amount. 
As a result, this system can improve the accuracy of the 
air-fuel ratio control to hold constant the oxygen storage 
amount, and maintain the high conversion efficiency of 
catalyst. 

[0102] The thresholds RDT and LDT (or the center 
value between them) is adjusted to the lean side as the 
intake air amount Qa for engine 1 becomes greater. 
Thus, this catalyst system increases the likelihood of the 
rich reset when intake air amount Qa is greater, and de- 
creases the likelihood of the lean reset, so that the ten- 
dency for engine 1 to be operated in a relatively lean 
region is increased. This catalyst system can increases 
the possibility of engine operation on the lean side and 
thereby optimize the purification efficiency for the ex- 
haust emission control. 

[0103] FIG. 14 shows the oxygen storage/release 
characteristic of catalyst 3 employed in this example. 
The vertical axis shows the high speed component H02 
(an amount of oxygen stored in the noble metal) and the 
horizontal axis shows the low speed component L02 
(an amount of oxygen stored in the oxygen storage ma- 
terial). 

[0104] In the normal running condition, low speed 
component L02 is aimost zero, and only high speed 
component H02 varies according to the air-fuel ratio of 
exhaust flowing into the catalyst as shown by an arrow 
A1 in FIG. 1 4. High speed component H02 is controlled, 
for example, to be half of its maximum capacity. 
[0105] When, however, the fuel supply is cut off to the 
engine, or when engine 1 is restarted from the warm-up 
state (hot restart), the high speed component H02 has 
reached its maximum capacity and oxygen is stored as 
the low speed component L02 (arrow A2 in FIG. 14). 
The oxygen storage amount varies from a point X1 to a 
point X2. 

[0106] When oxygen is released from the point X2, 
oxygen is preferentially released from high speed com- 
ponent H02. When the ratio of low speed component 
L02 to high speed component H02 reaches a predeter- 
mined value (X3 in FIG. 14), oxygen is released from 
both the high speed component HQ2 and low speed 
component L02 so that the ratio of low speed compo- 
nent L02 to high speed component HQ2 is not varied. 
In other words, oxygen is released while moving on a 
straight line L shown in FIG. 14. On the line L, the low 
speed component L02 is from 5 to 15, but preferably 
approximately 1 0, relative to the high speed component 
1. 



[0107] In the illustrated embodiment, at least one of 
step S1 , step S11 , S13, S58 and item 9 can correspond 
to means for sensing an engine intake air amount, and 
at least one of step S1 , S11 and item 4 can correspond 
5 to means for sensing an upstream exhaust condition 
representing an air-fuel ratio of an inflowing exhaust gas 
mixture flowing into the catalyst. At least one of steps 
S51 and item 5 can correspond to means for sensing an 
downstream exhaust condition representing an air-fuel 
10 ratio of an outflowing exhaust gas mixture flowing out of 
the catalyst. At least one of steps S4-S8, S14, S22, 
S23 t S36-S38, S44 and S45 can correspond to means 
for computing an estimated oxygen storage amount of 
the catalyst in accordance with the upstream exhaust 
15 condition of the inflowing exhaust gas mixture and the 
engine intake air amount. Step S73 can correspond to 
means for controlling an air fuel ratio of the engine in 
accordance with the oxygen storage amount. At least 
one of steps S63 and S64 can correspond to means for 
correcting the estimated oxygen storage amount to re- 
duce an error in computing the estimated oxygen stor- 
age amount when the downstream exhaust condition 
becomes equal a predetermined threshold. At least step 
S59 can correspond to means for modifying the thresh- 
old in accordance with the intake air amount. 
[0108] This application is based on a prior Japanese 
Patent Application No. 2001-131481. The entire con- 
tents of this Japanese Patent Application No. 
2001-131481 with a filing date of April 27, 2001 are here- 
by incorporated by reference. 

[0109] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art in light of the above teachings. The scope of 
the invention is defined with reference to the following 
claims. 



Claims 

1 . An engine exhaust purifying apparatus comprising: 

an air flow sensor (9) arranged to sense an en- 
gine intake air amount; 

a catalyst (3) disposed in an engine exhaust 
passage; 

an upstream exhaust sensor (4) disposed in the 
engine exhaust passage on an upstream side 
of the catalyst, and arranged to sense an up- 
stream exhaust condition representing an air- 
fuel ratio of an inflowing exhaust gas mixture 
flowing into the catalyst; 
a downstream exhaust sensor disposed on a 
downstream side of the catalyst and arranged 
to sense a downstream exhaust condition rep- 
resenting an air-fuel ratio of an outflowing ex- 
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haust gas mixture flowing out of the catalyst; 
and 

a controller (6) configured; 
to compute an estimated oxygen storage 
amount of the catalyst in accordance with the 5 
air-fuel ratio of the inflowing exhaust gas mix- 
ture and the engine intake air amount; 
to control an air-fuel ratio of the engine in ac- 
cordance with the estimated oxygen storage 
amount so as to bring an actual oxygen storage 10 
amount of the catalyst to a desired value; 
to correct the estimated oxygen storage 
amount to reduce an error in computing the es- 
timated oxygen storage amount when the 
downstream exhaust condition sensed by the 1$ 
downstream exhaust sensor becomes equal to 
a predetermined threshold; and 
to modify the threshold in accordance with the 
intake air amount 

20 

The engine exhaust purifying apparatus as claimed 
in Claim 1, wherein the downstream exhaust con- 
dition (Rb2) is one of an oxygen concentration of 
the outflowing exhaust gas mixture and the air-fuel 
ratio of the outflowing exhaust gas mixture, and the 25 
controller (6) is configured to determine the thresh- 
old as a function of the intake air amount and to cor- 
rect the estimated oxygen storage amount by reset- 
ting the estimated oxygen storage amount to a pre- 
determined setting when the downstream exhaust 3C 
condition sensed by the downstream exhaust sen- 
sor becomes equal to the predetermined threshold 
(LDT.RDT). 

The engine exhaust purifying apparatus as claimed 3* 
in Claim 1 , wherein the controller is configured to 
modify the threshold to a lean side as the intake air 
amount increases. 

The engine exhaust purifying apparatus as claimed * 
in Claim 1 , wherein the threshold comprises a rich 
side threshold (RDT) and a lean side threshold 
(LDT). 

5. The engine exhaust purifying apparatus as claimed * 
in Claim 4, wherein the controller is configured to 
modify the rich side threshold to the lean side as the 
intake air amount increases. 

6. The engine exhaust purifying apparatus as claimed 5 
in Claim 4 or 5, wherein the controller is configured 

to modify the lean side threshold to the lean side as 
the intake air amount increases. 

7. The engine exhaust purifying apparatus as claimed ^ 
in Claim 4, wherein the controller is configured to 
modify the rich side threshold and the lean side 
threshold to a lean side by shifting a center value 



between the rich side threshold and the lean side 
threshold to the lean side as the intake air amount 
increases. 

8. The engine exhaust purifying apparatus as claimed 
in one of Claims 1-7, wherein the controller is con- 
figured to compute the oxygen storage amount by 
computing a high speed component (H02) having 
a first oxygen storage rate and a low speed compo- 
nent (L02) having a second oxygen storage rate 
which is not equal to the first oxygen storage rate. 

9. The engine exhaust purifying apparatus as claimed 
in Claim 8, wherein the controller is configured to 
compute the oxygen storage amount according to 
such a characteristic that the high speed compo- 
nent stores oxygen prior to the low speed compo- 
nent, and the low speed component starts to store 
oxygen after the high speed component becomes 
unable to store oxygen. 

10. The engine exhaust purifying apparatus as claimed 
in Claim 8, wherein the controller is configured to 
compute the oxygen storage amount according to 
such a characteristic that the high speed compo- 
nent releases oxygen prior to the low speed com- 
ponent when a ratio (L02/H02) of the low speed 
component to the high speed component is smaller 
than a predetermined value. 

1 1 . The engine exhaust purifying apparatus as claimed 
in Claim 8, wherein the controller is configured to 
compute the oxygen storage amount according to 
such a characteristic that, when a ratio of the low 
speed component to the high speed component is 
greater than a predetermined value, oxygen is re- 
leased from the high speed component and the low 
speed component so as to hold the ratio of the low 
speed component to the high speed component un- 
changed. 

12. The engine exhaust purifying apparatus as claimed 
in Claim 8, wherein the controller is configured to 
control the air fuel ratio of the engine so as to bring 
the high speed component to a desired value. 

13. The engine exhaust purifying apparatus as claimed 
Claim 8, wherein the controller is configured to reset 
each of the high speed component and the low 
speed component to a minimum capacity when the 
downstream exhaust condition sensed by the 
downstream exhaust sensor becomes equal to the 
rich threshold. 

14. The engine exhaust purifying apparatus as claimed 
in Claim 8, wherein the controller is configured to 
reset the high speed component to a maximum ca- 
pacity when the downstream exhaust condition 
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sensed by the downstream exhaust sensor be- 
comes equal to the lean threshold. 

15. An engine exhaust purifying process for an engine 
equipped with a catalyst disposed in an engine ex- s 
haust passage, the engine exhaust purifying proc- 
ess comprising: 

computing an estimated oxygen storage 
amount of the catalyst in accordance with a io 
sensed upstream exhaust condition represent- 
ing an air-fuel ratio of an inflowing exhaust gas 
mixture flowing into the catalyst and a sensed 
engine intake air amount; 

controlling an air-fuel ratio of the engine in ac- 15 
cordance with the estimated oxygen storage 
amount; 

correcting the estimated oxygen storage 
amount to reduce an error in computing the es- 
timated oxygen storage amount when a down- 20 
stream exhaust condition representing an air- 
fuel ratio of an outflowing exhaust gas mixture 
flowing out of the catalyst becomes equal to a 
predetermined threshold; and 
modifying the threshold in accordance with the 25 
sensed engine intake air amount. 
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